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Abstract 
Earthquakes occur in the region where plate tectonic activity is still going on, and have killed more than one million people 
during the past 25 years.  Earthquakes are natural hazards, which cannot be stopped but the hazards can be prevented from 
becoming disasters by taking appropriate preventive measures.  The prevention such as re-building by the implementing 
appropriate building code needs much time and cost.  However, we can easily shift the direction of bookshelf and other shelves 
not to collapse.  This is because the direction of S-wave vibration depends on the area of the estimated seismic center.  To make a 
teaching material for the understanding of the direction of P- and S-waves vibration is easy and cheap, and has much effect even 
on primary students.  The damage to be inflected by earthquakes can be reduced significantly by not only theoretical study but 
teaching materials for earthquakes.   
 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Organizing Committee of CY-ICER 2014. 
Keywords: Earthquake,  Prevention, P-waves, S-waves 
 
1. Introduction 
 
Earthquakes are always sudden and the most destructive natural disasters in terms of life and property 
losses.  The main reason of reasons for the deaths and property losses during earthquakes are he continuous 
increase in population, and the increase in building density without proper planning.  It is very unfortunate that 
majority of the people in earthquake countries are unaware that they are sitting on the subducting plates which try to 
move past each other, and during this processes to produce earthquakes at the margin or edges of these tectonic 
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plates. 
 
2.  Prevention and preparedness for the earthquake disasters

It is a universal fact that hazards hamper socio-economic development of a nation.  Therefore, sustainable 
efforts are needed to prevent and mitigate such hazards.  In this regard the United nations designed the 1990s as the 
International Decade for Natural Disaster Reduction(IDNDR). 
The prediction of earthquakes is rather difficult but even if such prediction is made, the people get little 
time to move to safer places.  However, necessary arrangements can be initiated to cope with such disasters.  For 
example, to analyze the disaster prone areas for the past disaster events, the socio-economic conditions of the people 
living in the area, and major structures of public concern and to assess the risk and to prepare hazard maps that 
would delineate areas vulnerable to earthquake disasters. 
As a preventive measure, earthquake resistant designs for dwellings have helped to reduce the number of 
casualties and prevent serious damage to buildings.  For example, in Kobe Earthquake in 1995, those buildings 
sustained little damage, which were built after 1981.  Mitigation measures are required to improve the safety of non-
engineered structures such as ordinary dwellings and simple public buildings constructed with local materials in the 
traditional manner. 
Besides Japan, many other countries have adopted appropriate building design codes that reduced life and the 
property losses but in parts of the region there is still a need to prepare and revise earthquake resistant design codes 
for buildings and other engineering structures and for their enforcement, as well as the undertaking of proper 
arrangements for the infrastructure to be able to deal with earthquake disasters.  As an utmost requirement, many 
countries have made laws, which provide the necessary controls and responsibilities to deal with disaster situations.  
These laws permit the relevant authorities to govern the long term requirements of disaster prevention and the short 
term needs of disaster preparedness[INDDR-ESCAP, 1999]. 
 
3.  How earthquakes are produced 
 
Earthquakes are produced due to the plate tectonic movement.  The surface of the Earth is composed of ca 
ten rigid plates, which move very slowly on top of a weaker homogenous layer(asthenosphere) within the Earth.  
When two plates collide or slide past each other, pressure builds up within the crust.  Earthquakes occur when 
pressure within the crust increases slowly with time and finally exceeds the strength of the rocks. 
Japan represents an extremely active of subduction in terms of plate tectonics.  In northeastern Japan, the 
Pacific plate is subducting with a rapid convergence rate of 8-10 cm/year, forming Japan Trench, where earthquakes 
would occur in every 30 years; Miyagi-Oki Earthquake in 1978 and Tohoku-Oki Earthquake in 2011.  Off the coast 
of southwestern Japan, the Philippines Sea plate is subducting with a convergent rate of 4 cm/year, forming Nankai 
Trough, where earthquakes would occur in every 100 years; Ansei Earthquake in 1857 and Nankai Earthquake in 
1946.  However, as the magnitude of Nankai Earthquake was less than expected, the next earthquake is considered 
to occur in ca 2020.
 
4.  The cheapest methods to reduce the earthquake disasters 
 
Earthquakes cannot be stopped, however, by taking appropriate measures, the damage to be inflected by 
earthquakes can be reduced significantly.  The sudden movement of rocks along a fault causes vibrations that 
transmit energy through the earth in the form of waves.  Waves that travel in the rocks below the surface of the 
Earth are called body waves; P- and S- waves.  P-wave(primary waves, compressional waves) are longitudinal in 
nature, and travel faster than other waves.  The P-waves display the ground parallel to the direction of propagation 
although they cause less damage to the ground.  If the P-waves travel from south to north, the direction of vibration 
is north-south.  Another type of waves is S-waves(secondary waves).  The S-waves arrive after the moving faster P-
waves and cause heavy damage.  The S-waves known as shear waves are transverse in nature and displace the 
ground perpendicular to the direction of propagation.  If the S-waves travel from south to north, the direction of 
vibration is east-west accompanied with vertical force.  The ground moves alternately east and then west. 
To understand the difference of the direction of vibration during an earthquake, an experimental material 
with pendulum connected with rubber bands is developed.  Even primary school students can easily estimate the 
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dangerous direction with the instruction.  Fortunately we know the epicenter of the next earthquake in ca 2020; 
Nankai trough.  Naruto and Tokushima are located in the north of the epicenter.  As above mentioned, the S-waves 
move the ground east and west.  The buildings and construction such as walls, book shelves in library, chemicals 
stockers in laboratories, wine cellar etc elongated in north-south are destroyed by the shaking of east-west direction.  
On the other hand, the constructions elongated in east-west are not suffered heavy damages. 
 
5.  Conclusion and recommendation   
 
The prevention such as re-building by the implementing appropriate building code needs much time and 
cost.  During the re-building an earthquake may attack. However, we can easily shift the direction of bookshelves 
and other shelves not to collapse.  This is because the direction of S-wave vibration depends on the area of the 
estimated seismic center.  To make a teaching material for the understanding of the direction of P- and S-waves 
vibration is easy and cheap, and has much effect even on primary students.  The damage to be inflected by 
earthquakes can be reduced significantly by not only theoretical study but teaching materials for earthquakes. 
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